10 inbred strains of mice including NOD and NON were identified by discriminant and canonical discriminant analysis of the mandible measurements. The number of erroneous discriminations was 0,5% (1/199) for the females and 0% for males (0/232). In canonical discriminant analysis (discriminant analysis with reduction of dimensionality), NOD and NON inbred strains were separately located on 2dimensional planes, Z"Z2, Z.·Z3, and Z2-Z3'
Summary 10 inbred strains of mice including NOD and NON were identified by discriminant and canonical discriminant analysis of the mandible measurements. The number of erroneous discriminations was 0,5% (1/199) for the females and 0% for males (0/232). In canonical discriminant analysis (discriminant analysis with reduction of dimensionality), NOD and NON inbred strains were separately located on 2dimensional planes, Z"Z2, Z.·Z3, and Z2-Z3 ' These results clearly indicate that the genetic constitution of NOD and NON differs, although they have been established from a common ancestor ICR mouse. Causes of divergence between NOD and NON mice arc discussed.
Recently, 2 inbred strains of mice, non-obese diabetic (NOD) and non-diabetic (NON), have been established by Makino et al. (1980) at the Shionogi Research Laboratory.
NOD has become known as a model for type 1 diabetes (Coleman, 1982) . Festing (1972) reported that mandibular shape is a highly heritable quantitative trait, and discriminant analysis of mandible measurements may prove to be a useful tool for strain identification in mice. Festing (1973 ), Hedrich et (II. (1975 , and Goto et al. (1979, 1980, 1981) adopted this method for identification of inbred strains and sublines of mice.
In the present study, we identified and characterized genetic traits of NOD and NON strains depending upon mandibular shape. This paper deals with discriminant and canonical discriminant analysis of mandible measurements in 10 inbred strains of mice including NOD and NON.
Materials and methods
Mice from 2 inbred strains, NOD (FI8+4) and NON (F27), and 8 reference strains, DOD, DO/ Tbr, C3H/HeJah, BALB/c, C57BL/6Jah, KK/Jah, NZB and NZW/N (431 animals, 232 males, 199 females) were selected for the study. NOD mice were maintained at the Tokyo Medical College under a semi-barrier system in a room conditioned to a temperature of 22-26°C. They were fed
Received 22 August 1983. Accepted 1 December 1983. commercial diet FR-1 (Funabashi Farm Co. Ltd, Japan). NON mice were supplied by the Shionogi Research Laboratory.
They were fed commercial diet CA-1 (CLEA Co. Ltd, Japan) autoclavcd at 121°C for 7 min. 4 strains (DD/Tbr, BALB/c, NZB, NZW/N) and another 4 strains (DDD,C3H/HeJah, C57BL/6Jah, KK/Jah) were maintained at the Tokyo Medical College and National Institute of Animal Health (Goto et (II., 1979 , 1980 , 1981 , respectively. The animals used were 73-223 days of age. The method of mandible preparation is described by Goto et al. (1979) . As shown in Fig. 1 , 13 sites (XI-XU) on tbe right half of the mandible were measured following Festing (1972) at 10 x magnification using a Universal projector V -12 (Nippon Kogaku Co. Ltd, Japan). Data obtained were analysed with discriminant, and canonical discriminant (discriminant analysis with reduction of dimensionality) methods described in a previous paper (Goto et al., 1979) . Calculation was conducted using an ACOS 800-1I computer installed at the Computing Centre for Research in Agriculture, Forestry and Fisheries.
Results
The right mandibles from 2 inbred strains, NOD and NON, are illustrated in Fig. 2 . Measurement was made of 16-36 mandibles from each strain. Table I shows strain means for variables. As can be seen from the Table, means of the mandibular height, X4-X7,and of the length, x,,-xu, in the NOD strain were smaller than those in the NON strain. Particularly, muscular process, represented as subtraction x" from Xlll, in NOD was less sharp than that in NON. Among 10 strains studied, the muscular process was sharpest in NZB, followed by C57BLI 6Jah, NZW/N, NON, KK/Jah, BALB/c, NOD, DD/Tbr, DOD, C3H/HeJah, in order. Difference between the means of XI2 and XI3 was quite characteristic for sex and strain. The means of Xi., were larger than those of Xl2 in the both sexes of NOD strain, as well as of several inbred strains llsed in this study. However, the means of Xu in NON strain were smaller in males, and reverse was the case in females. The same held true for C3H/HeJah.
The results of further examination by discriminant analysis of 13 variables noted above are shown in x" Table clearly shows that discriminant analysis correctly assigned the animals to the proper strain with one exception. The rate of misclassification was 0·5% (1/199) for the females. Table 3 shows the coefficients of the discriminant function between the NOD and NON strains.
Canonical discriminant analysis was applied to the strain data noted above. A total of 13 axes can be used, but as is seen in Table 4 , Zl to z" account for 84·88% of the variation for males and 77·19% for females. Therefore, the similarities among the strains can be mostly shown on the planes of Z,-Zz, z,-z, and zz-z,. Figs 3 and 4 show the results plotted as means of canonical variates z, to z, in each strain of male mice. Relationships among the female mice were essentially similar to those for males. In these figures, NOD and NON strains always took different positions from each other. The other 8 reference strains also mapped at different positions from one another. NZW/N strain was always located between NOD and NON strains.
Discussion
It is generally accepted that in mice, shape of the mandible, as well as that of any other bones, is controlled by polygenes (Griineberg, 1954; Leamy, 1974) . Festing (1973) stated that overall growth of the mouse mandible continues, but the shape does not change much after 50 days of birth. Thus, it is likely that mandible measurements may reflect on genetic differences. Though discriminant and canon-ical discriminant analysis of mandible measurements cannot elucidate the number of loci, they depend on many genes.
In the discriminant analysis of mandible measurements in 10 inbred strains, including NOD and NON, only one female of NZB strain was classified erroneously. Therefore, the probability of committing an erroneous identification is considered to be nearly zero.
Makino el at. (1980) stated that NOD and NON strains originated in the same part-inbred strain, CTS (F6) derived from an outbred colony, JCL:ICR. Therefore, it is probable that the CTS strain was genetically heterogeneous. Furthermore, inbreeding of NOD and NON strains involved selection in different directions. One was non-obese and diabetic and the other was non-diabetic. It seems likely that strains with different genotypes have been fixed by selective inbreeding.
Not only were NOD and NON strains clearly identified by discriminant analysis of mandible shape, but the analysis also revealed that NOD and NON are genetically different. Their dissimilarity is nearly equal to that between C57BU6Jah and KK/Jah strains on a 2-dimensional plane Z,-Zz (Fig.  3) .
Three (isocitrate dehydrogenase, carbonic anhydrase, malate dehydrogenase) out of 15 biochemical gene loci differed between NOD and NON strains (Esaki el at., personal communication). had the H_2 b haplotype, while NOD strain had a recombinant type involving H-2 b and H-2 d • These facts suggest that the genetic constitution of NOD and NON strains differ substantially.
